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Description 

Background of the invention 

5 The present invention relates generally to oligomeric sterically hindered polyamines and their use as replacements 

for traditional amine crosslinkers, particularly in the coatings field. 

Compositions based upon polyamine crosslinkers and compounds containing amine-reactive functionality are well- 
known in the literature. As examples of such amine-reactive functionality in combination with polyamine crosslinkers 
may be mentioned: 

w 

(i) activated unsaturated groups such as (meth)acryloyl groups and other groups derived from maleic acid and 
anhydride, fumaric acid, itaconic acid and anhydride, and crotonic acid and anhydride (see, e.g., US-A-2759913, 
US-A-4251597, US-A-4303563, US-A-4730033, US-A-4871 822, US-A-4981 944, US-A-4990577, US-A-5011994, 
US-A-51 12904, WO-A-92/07010, and EP-A-568134); 
is (N) activated methylene groups such as acetoacetate groups (see, e.g., US-A-3668183, US-A-4772680, US-A- 

4929661, US-A-5011994, WO-A-92/07010, and EP-A-568134); 

(iii)epoxy groups (see, e.g., US-A-3291775, US-A-3547686, US-A-3793417, US-A-3945964 : US-A-4126640 : US- 
A-4193905, US-A-4315044, US-A-4318832, US-A-4352S98, US-A-4362856, US-A-4489179, US-A-4503174, US- 
A-4598108, US-A-4608406, US-A-4737530, US-A-5011994 WO-A-92/07010, GB-A-1 229840, and EP-A-568134); 
20 (iv) isocyanate groups (see, e.g., US-A-3621 000, US-A- 36571 92, US-A-3793417, US-A-5011994, and US-A- 

5072020); 

(v) aromatic activated aldehyde groups (see, e.g., US-A-5071481, WO-A-92/07010, and EP-A-568134); 

(vi) cyclic carbonate groups (2-oxo-1,3-dioxolane) (see, e.g., JP-A-01 146966, JP-A-0 11 46968, JP-A-02053880, 
WO-A-92/07010, EP-A-568134, and US-A-4,588,783); and 

25 (vii) acid, and anhydride and ester groups (see, e.g., US-A-4279793, US-A-4522973, US-A-4588783, US-A- 

4755623 ; US-A-4904740, US-A-4937293, US-A-5011994, and US-A-5089565), including oxalate esters (see, e. 
g., US-A-4414250, DE-A-4036984, WO-A-92/07010, and EP-A-568134). 

In general, conventional polyamine crosslinkers with primary amino groups are quite reactive with the above-function- 
30 alities under ambient or low stoving temperature conditions (<100°C). This can result in a too short potlife and conse- 
quent application problems. 

Acyclic aliphatic secondary amines have also been utilized; however, they exhibit insufficient reactivity towards 
many of the above-mentioned functionalities, which can lead to improper crosslinking performance. 

There thus exists a reactivity gap between the conventional primary and secondary amino groups-containing 
35 crosslinkers which has been somewhat filled by the blocking of the primary amino groups with, for example, ketones 
and aldehydes resulting in, respectively, ketimines and aldimines. The reaction sequence is as follows: 



/ -(H?0) / 

to - NH ? + 0 = C -» - N = C 

\ \ 



The resulting imine group is stable under anhydrous conditions, but unstable even in the presence of atmospheric 
45 humidity. This property has been utilized quite successfully in low and ambient temperature cure applications. The use 
of ketimines/aldtmines, however, has certain disadvantages. For example, the deblocking of the primary amino group 
results in the liberation of a volatile ketone or aldehyde. This liberated component not only adds to the overall VOC of 
the system, but can also have toxicological consequences and, under certain circumstances, detrimental consequenc- 
es to the appearance characteristics of the resulting crosslinked products (e.g., low depth of reflected image in clearcoat 
50 applications). 

Further in this respect, in light of tougher environmental laws industry has been seeking waterborne alternitives 
to their longstanding organic solvent based products. Ketimines/aldimines, as indicated above, are water sensitive - 
their hydrolysis is generally so fast that'there is no possibility left for controlling reactivity. They are also more hydro- 
phobic than their amine counterparts. It has, therefore, been difficult to formulate waterborne systems utilizing these 
55 crosslinkers. 

It is, therefore, an object of the present invention to provide a suitable alternative which overcomes these disad- 
vantages of the traditional polyamine and blocked polyamine crosslinkers. 
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Summary of the Invention 

In accordance with the present invention, the traditional polyamine and blocked polyamine crosslinkers are re- 
placed with certain oligomeric sterically hindered polyamines which comprise, in their overall concept, a backbone 
s having pendant therefrom at least two amino groups, characterized in that 

(A) the amino groups pendant from the backbone are sterically hindered, 

(B) the oligomeric sterically hindered polyamine has a molecular weight (Mn) in the range of 200-10000, more 
preferably 250-3000, and especially 250-2000. 

10 

Suitable oligomeric sterically hindered polyamines can be produced, for example, by one of the following methods: 

(I) reacting (a) a (cyclo)aliphatic compound containing one sterically hindered amino group and one unhindered 
amino group, the reactivity ratio of the unhindered amino group and the sterically hindered amino group being > 

75 90:10, with a substantially equivalent amount (based upon the equivalents of unhindered amino groups) of (b) a 

compound containing at least two amine-reactive groups; 

(II) reacting (a) a secondary nitroalkane with (b) a compound containing at least two active methine reactive groups, 
then subsequently reducing the nitro groups to amino groups; and 

(III) reacting (a) a compound containing one reactive group and one tertiary nitro group with (b) a compound 

20 containing at least two counterreactive groups, with subsequent reduction of the nitro groups to amino groups. 

* 

These oligomeric sterically hindered polyamines find particular use as crosslinkers in coating compositions com- 
prising compounds of the types mentioned above containing amine-reactive functionality, most preferably the activated 
unsaturated, activated methylene, cyclic carbonate, epoxy and isocyanate varieties. They have been found particularly 
25 useful in the formulation of high solids and waterborne coating systems, especially those which cure under ambient or 
low temperature conditions. 

In these and other coatings applications, the sterically hindered polyamines in accordance with the present inven- 
tion allow formulation of systems having an acceptable pot life/cure speed relationship at ambient and low stoving 
temperatures (e.g., < 100°C), with reduced emissions and an overall lower VOC and, in certain cases, better appear- 
ed ance characteristics. 

These and other features and advantages of the present invention will be more readily understood by those skilled 
in the art from a reading of the following detailed description. 

Detailed Description of the Preferred Embodiments 

35 

As indicated above, the present invention is concerned with oligomeric sterically hindered polyamines comprising, 
in their overall concept, a backbone having pendant therefrom at least two amino groups, wherein 

(A) the amino groups pendant from the backbone are sterically hindered, 
40 (B) the oligomeric sterically hindered polyamine has a molecular weight (Mn) in the range of 200-10000, more 

preferably 250-1000, and especially 250-2000. 

For clarification purposes, "polyamine" as utilized in the present description refers to a compound containing at 
least two amino groups. 

45 Further, "oligomeric" in the present description is utilized in one well-known sense to refer to low to medium mo- 

lecular weight compounds below macromolecular proportions, which is generally considered to be a molecular weight 
of 10000 or less. 

The term "pendant" refers to chains or branched molecular structures which at least partially terminate in the 
sterically hindered amino groups. These chains or branched molecular structures can be positioned along the backbone 
50 or can terminate the same. 

"VOC" refers to the volatile organic content of systems, which is normally expressed in numeric terms as grams 
organic volatites per liter of organic component (i.e., after abstraction of water and "exempt" solvents). For the purposes 
of the present specification, the VOC of a coating composition can be determined via the methodology described in 
ASTM test D2369-90. 

55 Steric hindrance is a well-known concept which, in aspects relevant to the present subject matter, pertains to the 

spatial arrangement of groups around reactive functionality in order to hinder physical accessibility of that reactivity 
functionality. This restricted physical accessibility in fact renders the reactive group "less" reactive. 

Of course, as a general concept there can exist different degrees of steric hindrance and, consequently, different 
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degrees of reactivity. For the purposes of the present invention, the oligomeric sterically hindered polyamines are 
preferred if the rate constant of the reaction of the oligomeric sterically hindered polyamine with butyl acrylate as a 
model amine reactive compound, determined at 60°C in 1 -ethoxy-2-propanol solution, is below 2.0 x 10* 1 l/(mol • min) 
and above 2.0 x 10* 4 l/(mol * min), and preferably below 8.0 x 10' 2 l/(mol • min) and above 8.0 x 10* 4 l/(mol ■ min). 
5 In determining these rate constants, it is assumed that the reactivity of a certain amino group of the crosslinker is 

not influenced depending onto which amino group the butyi acrylate adds, and further that the reaction of butyl acrylate 
with amino groups is second order. Under these assumptions, the reaction rate can be expressed by the following 
equation: 

10 

r = k X [BA] X [Am] 

wherein 

'5 r is the reaction rate, 

k is the rate constant, 

[BA] is the concentration of butylacrylate, and 
[Am] is the concentration of amino groups. 

20 Because equivalent amounts of butylacrylate and crosslinker are utilized, and because 1 equivalent of amine is 

assumeo to consume 1 equivalent of butyl acrylate, it can be further assumed that [BA] is equal to [Am]. In this case, 
the above equation can be rewritten as follows: 
j 

25 r=kX[BA] 2 . 

The rate constant, therefore, can be defined by the following equation: 

30 k=(1A)X((1/[BA])-(1/[BA] 0 )) 

wherein t is the reaction time, and 

[BA] 0 is the initial concentration of butyl acrylate. 
This equation allows the calculation of rate constants from observed data, which is obtained by measuring the 
35 decrease in the butyl acrylate concentration (via gas chromatography) over time starting from an equivalent mixture 
of the polyamine crosslinker and butyl acrylate in l-ethoxy-2-propanol, the components being reacted at 60°C. Further 
details of this measurement procedure are provided in the examples appended hereto. 

Three procedures in particular have been found which are suitable for the production of the desired oligomeric 
sterically hindered polyamine species: 

40 

(i) reacting (a) a (cyclo)aliphatic compound containing one sterically hindered amino group and one unhindered 
amino group, the reactivity ratio of the unhindered amino group and the sterically hindered amino group being > 
90:10, with a substantially equivalent amount (based upon the equivalents of unhindered amino groups) of (b) a 
compound containing at least two amine-reactive groups: 
45 (||) reacting (a) a secondary nitroalkane with (b) a compound containing at least two active methine reactive groups, 

then subsequently reducing the nitro groups to amino groups: and 

(III) reacting (a) a compound containing one reactive group and one tertiary nitro group with (b) a compound 
containing at least two counterreactive groups, with subsequent reduction of the nitro groups to amino groups. 

so These three procedures yield compositions comprising a substantial amount of the desired oligomeric sterically 

hindered polyamines, thereby facilitating the use of these reaction products in the desired manner as crosslinkers for 

a variety of compounds containing amine reactive functionality 

Referring now to method (I.), suitable (cyclo)aliphatic compounds are those with a "reactivity ratio" of the unhindered 

amino group to the sterically hindered amino group of > 90:10. A lower reactivity ratio, i.e., a lower selectivity of the 
55 diamine will lead to an undesirably broad molecular weight distribution and an undesirably high viscosity during 

crosslinker preparation. 

By "(cyclo)aliphattc" is it meant compound in which the sterically hindered amino group is neither directly attached 
to an aromatic ring, nor in which an aromatic ring is in an a-position to a carbon attached to tne sterically hindered 
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amino group. This is to avoid the toxicity and other technical disadvantages ol aromatic amines such as discoloration, 
yellowing, poor weather resistance and insufficient solubility in certain solvents. 

Further, as utilized herein "reactivity ratio" is defined in a normal manner by the following equation: 

5 _ [products derived from reactions involving the unhindered primary amino groups] 

[products derived from reactions involving the hindered primary amino groups) . 

This parameter can be readily determined experimentally via the following standard procedure. 

First, the compound containing one sterically hindered primary amino group and one unhindered primary amino 
10 group is reacted with an equivalent amount (based on the unhindered primary amino groups) of a model amine-reactive 
compound. This reaction should be conducted at as low a temperature as possible to achieve substantially complete 
conversion of the amine-reactive groups within a reasonable period of time. The low temperature is desired because, 
as temperature increases, selectivity decreases. 

For the purposes of the present invention, butyl acrylate has been chosen as the model amine-reactive compound,' 
15 and a temperature of 20°C has been utilized with a reaction time of 8 hours. 

Three different types of reactions of the components are possible - (1) a selective reaction involving only the 
unhindered primary amino group, (2) an unselective reaction involving both the hindered and unhindered primary amino 
groups, and (3) a selective reaction involving only the hindered primary amino group. In terms of these three reactions, 
the above equation can be expressed as follows: 

20 

, «1)1 + I(2)1 
[(3)] + [(2)]. 

; I 

It is, however, assumed due to the relatively low reactivity of the hindered primary amino groups that reaction (3) 
25 will at best be negligible and can be neglected. The above equation, therefore, becomes 

f , [(1)1 + [(2)1 
" [(2)1 ■ 

30 The unselective reaction (2) will lead to un reacted diamine in the reaction mixture, the content of which can be 

detected, e.g., by gel permeation chromatography. Due to the fact that stoichiometric amounts of starting components 
are utilized (based upon unhindered primary amino groups), the content of.unselective reaction product is consequently 
equal to the content of unreacted diamine. 

Further, the content of the desired selective reaction product with the unhindered primary amino group will be equal 

35 to the original content of the model amine-reactive compound (butyl acrylate) less the content of the unselective reaction 
product, that is, less the content of the unreacted diamine. The above equation, therefore, becomes 

_ [amine-reactive compound in feed] 
~ [unreacted diamine in reaction product] . 

40 

As suitable (cyclo)aliphatic compounds containing one sterically hindered amino group and one unhindered amino 
group possessing the required reactivity ratio may be mentioned 2-methyipiperazine, 1 ,2-diaminopropane, 1,2-diami- 
no-2-methylpropane, 1,2-diamino-2,3-dimethylbutane, 1 ,3-diaminopentane and isophorone diamine. 

As suitable compounds containing at least two amine-reactive groups for use in method (I) may be mentioned 
45 compounds of the types mentioned above which contain amine-reactive functionality and which, when reacted with 
the unhindered amine group-containing compounds, result in an oligomeric sterically hindered polyamine meeting the 
general conditions detailed above. As specifically preferred examples may be mentioned at least difunctional epoxy, 
blocked and unblocked isocyanate, activated unsaturated, activated methylene and cyclic carbonate groups-containing 
compounds. 

so As examples of suitable epoxy groups-containing compounds may be mentioned the glycidyl ethers of (cyclo) 

aliphatic or aromatic hydroxyl compounds, such as ethylene glycol, butane glycol, glycerol, cyclohexane diol, mono- 
nuclear di- or polyvalent polyols, bisphenols such as Bisphenol-Aor Bisphenol-F, and polynuclear phenols; epoxidized 
and optionally hydrogenated divinyl benzene; polyglycidyl ethers of phenol formaldehyde novolac; epoxy compounds 
containing an isocyanurate group; an epoxidized polyalkadiene such as epoxidized polybutadiene; hydantoin epoxy 

55 resins; epoxy resins obtained by epoxidization of (cyclo)aliphatic alkenes such as dipentene dioxide, dicyclopentadiene 
dioxide and vinylcyclohexane dioxide; and glycidyl group-containing resins such as polyesters, polyurethanes, polye- 
poxyesters and polyacrylics. 

As examples of suitable isocyanate groups-containing compounds may be mentioned (cyclo)aliphatic or aromatic 
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polyisocyanates such as 1,2-propylene diisocyanate, trimethylene diisocyanate, tetramethylene diisocyanate, 
2,3-butylene diisocyanate, hexamethylene diisocyanate, octamethylene diisocyanate, 2,2,4-trimethylhexamethylene 
diisocyanate, 2,4,4-trimethylhexamethylene diisocyanate, dodecamethylene diisocyanate, Q>,a>'-dipropylether diisocy- 
anate, 1,3-cyclopentane diisocyanate, 1,2-cyclohexane diisocyanate, 1 ,4-cyclohexane diisocyanate, isophoron diiso- 

5 cyanate, 4-methyl-1,3-diisocyanatocyclohexane, trans-vinylidene diisocyanate, dicyclohexylmethane-4,4' -diisocy- 
anate, a.S'-dimethyldicyclohexytmethane^^'-diisocyanate, a toluene diisocyanate, 1,3-bis(isocyanatomethyl)ben- 
zene, a xylylene diisocyanate, 1,5-dimethyl-2,4-bis(isocyanatomethyl)benzene, 1,5-dimethyl-2,4-bis(2-isocyanatoe- 
thyl)benzene, 4,4'-diisocyanatodiphenyl, 3,3'-dichloro-4,4'-diisocyanatodiphenyl, S.S'-diphenyM.^-diisocyanato- 
diphenyl, S.S'-dimethoxy^^'-diisocyanatodiphenyl methane, a diisocyanatonaphthalene; compounds such as 

io 1,3,5-triisocyanatobenzene and 2,4,6-triisocyanatotoluene; the adduct of two molecules of a diisocyanate (such as 
hexamethylene or isophoron diisocyanate) with one molecule of a diol (such as ethylene glycol); the condensate of 
three molecules of a diisocyanate (such as hexamethylene diisocyanate) with one molecule of water; the adduct of 
three molecules of a diisocyanate (such as toluene or isophorone diisocyanate) with one molecule of trimethylolpro- 
pane: the adduct of 4 molecules of a diisocyanate (such as toluene diisocyanate) with one molecule of pentaenythritol; 

is and the isocyanurate trimer of a diisocyanate {such as hexamethylene diisocyanate). 

Preferred isocyanates are in the blocked formed obtainable by reaction of isocyanates such as mentioned above 
with well-known blocking agents. Examples of such well-known blocking agents include ketoximes like methylethylke- 
toxime and compounds bearing phenolic OH groups. 

As examples of suitable activated unsaturated groups-containing compounds may be mentioned (meth)acrylic 

20 esters of polyols such as ethylene glycol, propylene glycol, diethylene glycol, tetramethylene diol, neopentyl glycol, 
hexamethylene diol, cyclohexane diol , bis (4-hydroxycyclohexy I )m ethane, glycerol , trimethylolethane, trimethylolpro- 
pane ; pentaerythritol, polyester polyols and pofyacrylic polyols; adducts of a hydroxyl group-containing (meth)acrylic 
ester to an at least difunctional isocyanate or epoxy compound; unsaturated polyesters built up in part from one or 
more of maleic acid and anhydride, fumaric acid, itaconic acid and anhydride, or crotonic acid and anhydride; acrylic 

25 and methacrylic amide functional compounds such as N,N-methylenebisacrylic amide and the condensation product 
of 4 moles of acrylic amide with 1 mole of terephthaldialdehyde; reaction products of at least difunctional epoxides with 
(meth)acrylic acid; and acrylated melamine resins. 

As examples of suitable activated methylene groups-containing compounds may be mentioned the reaction prod- 
ucts of diketene or an alkyl acetoacetate with a polyol having two or more hydroxyl groups, for example, monomeric 

30 polyols such as mentioned above as well as polyester polyols such as polycaprolactone polyols, epoxy resins obtained 
by reacting epichlorohydrin with a diaryloyl alkane, and acrylic polyols obtained by the addition polymerization of hy- 
droxyl group-containing (meth)acrylic monomers optionally with other addition polymerizable monomers; and oligom- 
ers/polymers obtained by (co)polymerizing monomer units having one or more acetoacetate groups, for example, the 
acetoacetate esters of hydroxyalkyl (meth)acrylates or allyl alcohol monomer units. 

35 As example of suitable cyclic carbonate groups-containing compounds may be mentioned those produced by the 

addition of C0 2 to an epoxy groups-containing compound such as those mentioned above via any one of a number of 
well-known procedures such as disclosed in US-A-3535342, US-A-4835289, US-A-4892954, GB-A-1485925 and EP- 
A-01 19840. 

Of course, compounds containing mixtures of the above functionalities may also be utilized, for example, glycidyl 
40 (meth)acrylate; addition polymers built up at least in part from glycidyl group-containing monomers in which a portion 
of the glycidyl groups have been reacted with, for example, acrylic acid, or in which a portion of the glycidyl groups 
have been converted to cyclic carbonate groups as mentioned above. . 

Further details on these and other suitable compounds containing at least two amine-reactive groups are well- 
known in the art. 

45 Suitable oligomeric sterically hindered polyamines can be produced by reacting the components under conditions 

well-known for the reaction of amino groups with these various functionalities. As indicated before, however, the reaction 
temperature should be kept as low as possible in order to increase the selectivity of the reaction with the unhindered 
amino groups. As such, it is preferred that the reaction temperature be < 80° C (and preferably < 60°C) for the somewhat 
less reactive functionalities such as the cyclic carbonates, and < 60 6 C (and preferably < 40°C) for the more highly 

50 reactive functionalities such as the unblocked isocyanates. 

In order to further avoid unwanted reaction with the sterically hindered amino groups, it is preferred that the com- 
ponents be reacted in a substantially equivalent ratio of unhindered amino groups/counterreactive functionality of 
0.9-1.1 , more preferably 0.95-.1.05 and especially substantially stoichiometric (1.0). Use of an excess of diamine is a 
drawback because the excess diamine either remains in the product which can cause problems associated with low 

55 molecular weight amines (such as volatility, smell and irritancy), or the excess diamine has to be distilled off in an 
additional step which is energy and time consuming. 

If desired, for example to achieve a certain hydrophilic/lipophilic balance in the crosslinker, a portion of the amine- 
reactive functional groups of the backbone may be reacted beforehand, concurrently and/or subsequently with a 
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monoamine, especially a fatty amine. The result is that the amine functionality of the crosslinker may be somewhat 
lowered, but the overall property profile may be improved. 

Referring now to method (II), as suitable secondary nitroalkanes may be mentioned 2-nitropropane, 2-nitrobutane, 
2-nitropentane, 3-nitropentane and nitrocyclohexane. 

5 As suitable compounds containing at least two active methine reactive groups may be mentioned the above-de- 

scribed at least difunctional epoxy, blocked and unblocked isocyanate, activated unsaturated and cyclic carbonate 
groups-containing compounds. 

Conditions for reacting the secondary nitroalkanes with the compounds containing the active methine reactive 
groups are well-known in the art, with the choice of parameters not being as critical as with method (I). 

10 A preferred example can be illustrated based upon the reaction of an acrylic amide groups-containing compound 

(activated unsaturated) with a secondary nitroalkane such as 2-nitropropane. The acrylic amide groups-containing 
compound is dissolved in a suitable solvent such as N,N-dimethylformamide, a catalytic amount of a strong base 
added, followed by the dropwise addition of an equivalent amount of the secondary nitroalkane. After addition of the 
secondary nitroalkane, the reaction mixture is heated for 3-6 hours at 30-60°C. Upon completion, the reaction mixture 

is js neutralized with an acid, the solvent is evaporated and the residue is purified by recrystallization and/or washing 
with water. 

Subsequently, the nitro groups of the reaction product are reduced to amine groups via any one of a number of 
well-known procedures. See, generally, Kirk-Othmer, Encyclopedia of Chemical Technology Volume 2, pages 355-376 
(1978). In a preferred method, the nitro functional reaction products are dissolved in an alcoholic solvent and reduced 
20 over Raney nickel catalyst. The hydrogen pressure during reduction should be low, generally between 1 0 and 40 bars, 
and the temperature between*40°C and 120 ft C. Under these conditions, reaction times lor almost quantitative conver- 
sion of the nitro groups to amino groups are generally between 1 and 8 hours. When no more hydrogen uptake is 
observed : the reaction mixture is filtered and the solvent evaporated leaving the amino groups-containing crosslinker. 
Referring now to method (HI), as suitable compounds containing one reactive group and one tertiary nitro group 
25 may be mentioned 2-methyl-2-nitro-1 -propanol, 2-ethyl-2-nitro-l -propanol and 2-hydroxymethyl-2-nitrocyclohexane. 

As other such suitable compounds containing one hydroxyl group and one tertiary nitro group may be mentioned 
the condensation products ot secondary nitroalkanes, such as those mentioned above, with aldehydes and ketones, 
and the addition products of such secondary nitroalkanes to compounds containing an activated unsaturated group 
and another reactive group which is substantially unreactive with an activated methine group, such as the hydroxyalkyl 
30 esters of (meth)acrylic acid and the N-hydroxyalkyl (meth)acrylic amides. 

Suitable counterreactive groups for the reactive groups ol the above tertiary nitro compounds will be evident to 
those skilled in the art based the functionality of such reactive group. The reaction conditions of the reactive and 
counterreactive groups will also be evident to one skilled in the art based upon the choice of functionality. 

In the preferred embodiment, OH is the reactive group of the tertiary nitro compound and isocyanate is the preferred 
35 counterreactive group. As suitable compounds containing at least two isocyanate groups may be mentioned the blocked 
and unblocked varieties specified above for use in method (I). The reaction of the OH and optionally blocked isocyanate 
groups may be carried out under standard conditions well-known to those skilled in the art. 

Subsequent to the reaction of the reactive and counterreactive groups, the tertiary nitro groups of the reaction 
product are then reduced to primary amino groups in any well-known manner as indicated above in relation to method 
40 (II). 

As mentioned earlier, these oligomeric sterically hindered polyamines are especially suitable for use as replace- 
ments for the traditional polyamine and blocked polyamine crosslinkers in a wide variety of amine crosslinked systems. 
Due to the use of the oligomeric sterically hindered polyamines, such coatings will possess a substantially lower VOC 
than coatings utilizing the blocked amine (ketimine and aldimine) counterparts. 
45 Indeed, coating compositions pin be formulated possessing a VOC of less than 450, more preferably less than 

350, and especially less than 250, grams organic volatiles/liter of organic component utilizing these oligomeric sterically 
hindered polyamines. The VOC applies whether or not the coating is waterborne (water as the primary diluent), organic 
solvent based (organic solvent as the primary diluent), or even solventless. 

These coating compositions may be formulated utilizing the oligomeric sterically hindered polyamines by means 
50 well-known in the industry. 

In general, it is preferred that such coating compositions should contain the oligomeric sterically hindered 
polyamines in an amount so as to result in 0.25-4 (more preferably 0.5-2 and especially 0.8-1 .25) equivalents of amino 
groups per equivalent of amine-reactive groups of the functionalized compounds. 

The coating compositions may also contain other well-known and usual additives such as pigments, fillers, levelling 
55 agents, foam suppressing agents, rheology control agents, catalysts, anti-oxidants; UV-stabtlizers, minor amounts of 
co-solvents as required, etc., the only limitation in this respect being that these additives be compatible with the other 
components of the coating composition. This information is in general well-known or readily available to those skilled 
in the art. 
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Such coating compositions can be formulated tor application by any known manner and onto any type of substrate. 

Potential end uses for such coatings include: primers, pigmented topcoats and clearcoats for bar refinishing; par- 
quet lacquers; primers and topcoats for steel protection; wood coatings; and coatings for plastic substrates. 

The foregoing general discussion of the present invention will be exemplified by the following examples offered 
s by way of illustration and not limitation on the scope thereof. 

In these examples, the rate constants were determined via the following procedure. First, a gas chromatograph 
was calibrated with solutions of known concentrations of butylacrylate in 1 -ethoxy-2-propanol. 0.0115 mo! (based upon 
the amino groups) of the polyamine crosslinker was placed in a 25 ml calibrated flask, dissolved in 10 ml 1-ethoxy- 
2-propanol, then 0.0115 mol butylacrylate added. Additional 1 -ethoxy-2-propanol was added to a total volume of 25 
io ml. 5.0 g of this mixture were then transferred to a septum vial, which was immediately placed in an oil bath heated to 
60°C. A number of butylacrylate concentrations were measured via GC over a period of 4-5 hours. Rate constant 
values were calculated for these measured concentrations, and the results averaged to arrive at the reported values. 

Further, gloss was determined with the aid of a Byk-Gardner micro-TRI-gioss apparatus, and distinctness of re- 
flected image was determined with the aid of a portable distinctness of reflected image meter model 1792 of ATI 
1$ Systems Inc. 

EXAMPLES 

Preparation of Crosslinker via Method \ 

20 

(1) Addition product of 2-methyipiperazine and acryloyl-functional resin 

The acryloyl functional resin utilized was the esterification product, in the presence of Cr(lll)-2-ethylhexanoate as 
catalyst, of an epoxy-functional acrylic resin with 1.15 equivalents acrylic acid. The epoxy-functional acrylic resin was 
2S built up from 38.2 wt% glycidylmethacrylate, 45.1 wt% 3,3,5-trimethylcyclohexylmethacrylate and 16.7 wt% butyl acr- 
ylate, and possessed an Mn of 921 and Mw of 1750 {as measured by GPC calibrated with a polypropyleneglycol 
standard). 

Under a nitrogen atmosphere and at room temperature (between 25-30°C), 150.0 g of a 71.4% solution of the 
acryloyl functional resin (0.21 mol of activated unsaturated groups) in Solvesso 100 was added over a period of three 
30 hours to a slurry of 21.1 g (0.21 mol) 2-methylpiperazine in 10.0 g of 1-methoxy-2-propanol. The temperature of the 
reaction mixture was maintained by cooling with a waterbath, and the mixture was stirred until the contents appeared 
homogenous. The reaction was allowed to proceed until IR analysis indicated that no acryloyl groups remained. 

(2) Addition product of 2-methylpiperazine and unsaturated polyester resin 

35 

The unsaturated polyester resin utilized was built up from 160.5 g 2-ethyl-2-butyl-1,3-propanediol, 75.0 g 1,2-cy- 
clohexanedicarboxylic anhydride and 514.5 g maleic anhydride, and possessed an acid value of 5, a C=C equivalent 
of 3 : an Mn of 1010 and an Mw of 1960. 

Under a nitrogen atmosphere and at a temperature of 40°C, 337.2 g of a 76.5% solution of an unsaturated polyester 
to resin (0.39 mol of activated unsaturated groups) in xylene was added over a period of 1 .5 hours to a slurry of 82. 2 g 
(0.89 mol) 2-methylpiperazine in 24.1 g of 1-methoxy-2-propanol. After completion of the addition, the components 
were allowed to react another 2.5 hours at 40 o C : at which point the reaction mixture was cooled and stored at room 
temperature. 

Obtained was a solution of a polyamine crosslinker having a rate constant of 3.752 x 10r 3 l/(mol * min). 

(3) Addition product of 2-methylpiperazine and oligofunctional epoxide 

The oligofunctional epoxide utilized was prepared by reacting a mixture of 200.0 g of a technical diglycidyl ether 
of glycerol (commercially available under the trade designation Glycidether 100 from Raschig GmbH), 38.8 g (0.24 
50 mol) hexamethylene diisocyanate, 1 .0 g dibutyltindilaurate and 250 ml dry butylacetate, under a nitrogen atmosphere 
and at reflux conditions until IR analysis (2300 cm-1) indicated that that no isocyanate groups remained. The bulk of 
the solvent was distilled off to leave an oligofunctional epoxide with an epoxide number of 227 mg KOH/g resin. 

Under a nitrogen atmosphere and at a temperature of 20°C, 130.6 g of this oligofunctional epoxide (0.53 mol 
epoxide groups) were dissolved in 200 ml 2-propanol and 52.3 g (0.52 mol) 2-methylpiperazine added. The mixture 
55 was stirred at 20°C until no further epoxide functionality could be detected by titration (about 24 hours). At this point, 
GPC indicated that the content of free 2-methylpiperazine was below 0.5 wt%. 

Obtained was a solution of a polyamine crosslinker having an amine number of 1 95 mg KOH/g resin (60% of the 
amine value was due to non-crosslinking tertiary amino groups), and a rate constant of 2.059 x 10 -2 l/(mol * min). 
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(4) Addition product of 2-methylpiperazine and oligofunctional cyclic carbonate 

An oligofunctional epoxide was produced by reacting a mixture of 500.0 g of a technical diglycidyl ether of glycerol 
(commercially available under the trade designation Glycidether 100 of Raschig GmbH), 298.2 g of a 70% solution of 
5 a technical trimer of isophorone diisocyanate (commercially available under the trade designation Vestanat 1890L of 
HQIs AG), 3.0 g dibutyltindilaurate and 750 ml butyl acetate, under a nitrogen atmosphere and at reflux conditions until 
[R analysis (2300 cm-1) indicated that no isocyanate groups remained. After completion of the addition reaction, the 
bulk of the butylacetate was distilled off and 375 ml of 1-ethoxy-2-propanol added to result in 11097 g of a solution of 
the oligofunctional epoxide. 

w The oligofunctional cyclic carbonate was prepared by placing this solution in an autoclave with 5.0 g tetrabutylam- 

moniumiodide. C0 2 was introduced at a pressure of 20 bar and the mixture reacted at 120°C with repeated refills of 
C0 2 until C0 2 consumption ceased (about 6 hours). After cooling to 40° C, the excess C0 2 was released. Obtained 
was a solution of a cyclic carbonate resin having an epoxy number of 6 mg KOH/g resin and a cyclic carbonate number 
of 140 mg KOH/g resin. 

is Under a nitrogen atmosphere and at a temperature of 50°C, 180.0 g (0.45 mol of cyclic carbonate) or the above- 

prepared cyclic carbonate solution and 48. 0 g (0.45 mol) of 2-methylpiperazine were stirred until I R analysis (1S00 cm- 
1) indicated that no cyclic carbonate groups remained (about 9 hours). 

Obtained was a solution of a polyamine crosslinker having an amine number of 127 mg KOH/g resin, and a rate 
constant of 4.149 x 10" 3 l/(mol ■ min). 

20 

(5) Addition product of 1,3-diaminopentane and oligofunctional cyclic carbonate 

Under a nitrogen atmosphere and at a temperature of 50°C : 180.0 g (0.45 mol of cyclic carbonate) of cyclic car- 
bonate solution prepared in (4) and 46.1 g {0.45 mol) of 1,3-diaminopropane were stirred until iR analysis (1800 cm- 
25 1) indicated that no cyclic carbonate groups remained (about 5 hours). 

Obtained was a solution of a polyamine crosslinker having an amine number of 118 mg KOH/g resin, and a rate 
constant of 1.849 x 10* 2 l/(molTnin). 

(6) Addition product of 2-methylpiperazine and oligofunctional cyclic carbonate 

30 

A mixture of 200 g (0.5 mol of cyclic carbonate) of the cyclic carbonate solution prepared in (4) and 33.5 g (0.167 
mol) of a distilled cocoamine (commercially available under the trade designation Armeen® CD from Akzo Chemicals) 
were heated to 90°C under nitrogen for 7 hours. The amine number of the resulting solution was 3 mg KOH/g resin. 

Under a nitrogen atmosphere and at a temperature of 50°C, 1 1 4.3 g of the above-modified cyclic carbonate solution 
35 and 17.8 g (0.167 mol) of 2-methylpiperazine were stirred until IR analysis (1800 cm-1) indicated that no cyclic car- 
bonate groups remained (about 10 hours). 

Obtained was a solution of a polyamine crosslinker having an amine number of 80 mg KOH/g resin. 

(7) Addition product of 1,3-diaminopropane and oligofunctional cyclic carbonate 

40 

Under a nitrogen atmosphere and at a temperature of 50°C, 114.3 g of the modified cyclic carbonate solution from 
(6) and 17.1 g (0.167 mol) of 1,3-diaminopropane were stirred until IR analysis (1800 cm-1) indicated that no cyclic 
carbonate groups remained (about 4 hours). 

Obtained was a solution of a polyamine crosslinker having an amine number of 77 mg KOH/g resin. 

45 

Preparation of Crosslinker via Method II 

(8) Addition product of 2-nitropropane and N.N'-methylene-bisacrylic amide with subsequent reduction of nitro groups 

50 To a solution of 123.4 g (0.8 mol) N : N'-methylene-bisacrylic amide and 5 g of a solution of benzyltrimethylammo- 

nium hydroxide in methanol (commercially available under the trade designation of Triton B) in 250.0 g of N t N-dimeth- 
ylformamide were added, under a nitrogen atmosphere at room temperature over a period of 0.5 hours, 445.0 g (5 
mol) of 2-nitropropane. During the addition, the internal temperature of the reaction mixture increased to 40°C. After 
completion of the addition, the temperature was increased to 70°C and maintained for 3 hours. Subsequently, the 

55 reaction mixture was cooled to room temperature and neutralized with acetic acid, then the excess 2-nitropropane and 
solvent were distilled off under reduced pressure. The residual solid was washed with 100 ml cold water and 100 ml 
hexane. 

After drying, 231.2 g of a white solid were obtained. ""H-NMRfCOCy analysis revealed the product to be dinitro 
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functional. 

Into a 1 liter autoclave were placed 20.0 g (60 mmol) of this dinitro compound, 250 ml methanol and 2.0 g Raney 
nickel catalyst. The autoclave was purged with nitrogen then hydrogen was introduced to a pressure of 30 bar. The 
autoclave was heated to 80°C and maintained at that temperature for 4 hours, during which the hydrogen pressure 
5 was maintained at 30 bar. After cooling to room temperature and release of pressure, the mixture was filtered to remove 
catalyst and the methanol distilled off. 

Obtained was 15.9 g of a white solid with an amine number of 403 mg KOH/g resin (98% of theory), and a rate 
constant of 6.577 x 10 -3 l/(mormin). 

10 (9) Addition product of 2-nitropropane and tetrafunctional acrylic amide with subsequent reduction of nitro groups 

A mixture of 67.1 g (0.5 mol) of terephthaldialdehyde, 177.8 g (2.5 mol) acrylic amide, 0.3 g hydroquinone, 3.0 ml 
concentrated HCI and 600 ml chloroform were refluxed on a water separator for 2.5 hours. During this time a white 
solid precipitated which, after cooling, was filtered off and washed three times with 100 ml water. After drying, 166.4 g 
75 of a white solid were obtained. 1 H-NMR(d 6 -DMSO) analysis revealed the product to be a tetrafunctional acrylic amide. 

To a solution of 38.2 g (0.1 mol) of this tetrafunctional acrylic amide and 5 g of a solution of benzyltrimethylammo- 
nium hydroxide in methanol (commercially available under the trade designation of Triton B) in 250.0 g of N ; N-dimeth- 
ylformamide were added, under a nitrogen atmosphere at room temperature over a period of 0.5 hours, 89.0 g (1 mol) 
of 2-nitropropane. After completion of the addition, the temperature was increased to 80°C and maintained for 6 hours. 
20 Subsequently, the reaction mixture was cooled to room temperature and neutralized with acetic acid, then the excess 
2-nitropropane and solvent were distilled off under reduced pressure. The residual solid was washed with 100 ml cold 
water and 100 ml hexane. After drying, 51.7 g of a white solid were obtained. 1 H-NMR(d 6 -DMSO) analysis revealed 
the product to be tetranitro functional. 

Into a 1 liter autoclave were placed 20.0 g (27 mmol) of this tetranitro compound, 250 ml methanol and 2.0 g Raney 
25 nickel catalyst. The autoclave was purged with nitrogen then hydrogen was introduced to a pressure of 30 bar. The 
autoclave was heated to 80°C and maintained at that temperature for 4 hours, during which the hydrogen pressure 
was maintained at 30 bar. After cooling to room temperature and release of pressure, the mixture was filtered to remove 
catalyst and the methanol distilled off. The solid residue was washed with 10 ml of cold acetone. 

Obtained was 12.5 g of a white solid with an amine number of 343 mg KOH/g resin (95% of theory). 

30 

Preparation of Cross I inker via Method III 

(10) Addition product of 2-nitro-2-methylpropanol and trimer isocyanate with subsequent reduction of nitro groups 

35 To 175.4 (0.5 mol NCO) of a 70% solution of a technical trimer of isophorone di isocyanate (commercially available 

under the trade designation Vestanat 1890L from Huls AG) and 0.5 g dibutyltindilaurate was added a solution of 59.6 
g (0.5 mol) of 2-nitro-2-methylpropanol in 125 ml of dry ethylacetate. The mixture was refluxed until (R analysis (2300 
cm-1) indicated that no NCO remained. The ethylacetate and part of the solvent from the Vestanat 1890L were evap- 
orated under reduced pressure. 214.3 g of a myofunctional intermediate remained, which was dissolved in 500 ml 

40 methanol. 

To the methanol solution were added 5.0 g of Raney nickel and, dropwise over a period 1 hours, 250.0 g (5 mol) 
of hydrazinehydrate, during which time the temperature increased to40°C. After addition of the hydrazinehydrate, the 
mixture was refluxed until no more gas evolved from the reaction mixture, indicating complete decomposition of the 
hydrazine. The mixture was then filtered to remove catalyst and the solvent distilled off. 
45 Obtained was 145.6 g of a light green solid with an amine number of 163 mg KOH/g resin (97% of theory), and a 

rate constant of 1.464 x 10' 3 l/(mol'min). 

(11 ) Addition product of 2-nitro-2-methylpropanol and trimer isocyanate with subsequent reduction of nitro groups 

50 To 1 75.4 g (0.5 mol NCO) of a 70% solution of a technical trimer of isophorone diisocyanate (commercially available 

under the trade designation Vestanat 1690L from Huls AG) and 0.5 g dibutyltindilaurate was added a solution of 26.8 
g (0.125 mol) of tetradecanol in 60 ml dry ethylacetate, and the mixture refluxed for 2 hours. A solution of 44.7 g of 
2-nitro-2-methylpropanol in 60 ml of dry ethylacetate was then added over a period of 15 minutes, and the mixture 
refluxed until IR analysis (2300 cm-1 ) indicated that no NCO remained. The ethylacetate and part of the solvent from 

55 the Vestanat 1890L were evaporated under reduced pressure. 203.3 g of a nitrofunctional intermediate remained, 
which was dissolved in 500 ml methanol. 

To the methanol solution were added 5.0 g of Raney nickel and, dropwise over a period 1 hours, 200.0 g (4 mol) 
of hydrazinehydrate, during which time the temperature increased to40°C. After addition of the hydrazinehydrate, the 
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mixture was refluxed until no more gas evolved from the reaction mixture, indicating complete decomposition of the 
hydrazine. The mixture was then filtered to remove catalyst and the solvent distilled off. 

Obtained was 175.6 g of a light green solid with an amine number of 103 mg KOH/g resin (90% of theory). 

Comparative Polyketimine Crosslinker 

(K1) Under a nitrogen atmosphere, 1.5 moles of dipropylene triamine, 3.3 moles of 5-methyl heptanone-3, 113.0 
g of toluene and 2% by weight (based upon the amine) of zinc acetate were charged into a reaction vessel and heated 
to boiling point, the water evolved being removed by azeotropic distillation. After about 10 hours, 53.9 g of water (99.8% 
of the theoretical amount) had been collected. The resulting solution (containing a ketimine intermediate product) was 
cooled to 60°C and filtered. 

in another reactor, 444.0 g of isophorone diisocyanate and 0.2 g of dibutyltin dilaurate were heated to a temperature 
of 40°C, after which a solution of 118.0 g of 1 .6-hexane diol in 117.0 g of toluene was added over a period of 2 hours. 
After one additional hour of reaction, an isocyanate intermediate product was obtained having an isocyanate content 
of 11.5% by weight. 

930.5 g of the ketimine intermediate product solution was then added to the prepared isocyanate intermediate 
product at a temperature of 60-S0°C and over a period of one hour, and the reaction mixture maintained at S0°C for 
an additional hour until substantially all of the isocyanate groups had been consumed. After addition of another 167.2 
g of toluene, cooling and filtration, an oligomeric polyketimine crosslinker was obtained with an equivalent weight of 
229.6 (on solution) and a color of less than 1 on the Gardner scale. 

Amine-Reactive Component for Coating 

(A1 ) The first amine-reactive component is a 61 .5% solution in xylene/Solvesso 100/petrol (b.p. 140-165°C) of an 
acrylated acrylic copolymer commercially available under the trade designation Setalux® 7101 SS 62 from Akzo 
Resins (C=C equivalent weight of 1331 based on solution). 

(A2) The second amine-reactive component was an acrylated acrylic resin produced as follows. 

In a reactor, 732.5 g of butylacetate and 67.8 g of ethylacetate were heated to reflux. Subsequently, over a period 
of 4 hours, was added a mixture of 395.5 g of 2-hydroxy ethyl methacrylate, 604.7 g of glycidyl methacrylate, 389.2 g 
of lauryl methacrylate and 810.5 g of styrene. Concurrently, there was separately added, over a period of 4.5 hours, a 
mixture of 154.0 got 2,2-azo-bis(2,4-dimethylvaleronitrile) (commercially available under the trade designation Noury® 
AVN of Akzo Chemicals), 498.4 g of butylacetate and 102.2 g of ethylacetate. After addition of the initiator, the mixture 
was cooled to 80°C then, over a period of % hours, a mixture of 11 .0 g of Noury® AVN and 42.9 g of butylacetate was 
added. 

The solvent was then distilled off at 140°C, the mixture cooled to 120°C, 780.0 g of methoxypropylacetate added 
and the solvent again distilled off under vacuum at 0.85 bar. The mixture was cooled to 110 6 C under throughout of air. 

To the resulting product was added a mixture of 292.6 g of acrylic acid, 3.0 g of 2,2-di-tert.butyl p.cresol (commer- 
cially available under the trade designation [onol CP from Shell) and 0.3 g of phenothiazine. The temperature of the 
mixture was allowed to increased to 120°C via the exothermic reaction of the components, then maintained at this 
temperature until an acid value of less than 2 was achieved, after which 418.8 g of hexahydrophthalic acid anhydride 
and 4,6 g of dibutyltin oxide were added. The reaction was allowed to proceed another two hours, after which the 
mixture was cooled to 60°C and diluted with butylglycol to a solids content of 65%. The resulting product possessed 
a C=C equivalent weight of 1157 (on solution). 

Evalution as Clearcoat 

Clearcoat 1 

A first clearcoat was prepared by mixing 85 g of amine-reactive component (A1 ), 52 g of crosslinker (1 ), 21 .9 g of 
n-butylacetate, 14.6 g of methoxy-1-propylacetate-2, 14.6 g of propylenegfycol monomethylether and 21.9 of xylene. 

Clearcoat 2 

A second clearcoat was prepared by mixing 85 g of amine-reactive component (A1), 36 g of crosslinker (2), 23.4 
g of n-butylacetate, 15.6 g of methoxy-1 -propylacetate-2, 15.6 g of propylenegfycol monomethylether and 23.4 g of 
xylene. 
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Comparative Clearcoat 1 

A first comparative clearcoat was prepared by mixing 1 00 g of amine-reactive component (A1 ), 25 g of comparative 
polyketimine crosslinker (K1) p 24 g of n-butylacetate, 6 g of methoxy-l-propylacetate-2, 14.5 g of propyleneglycol 
s monomethylether and 9 g of xylene. 

The VOC and potlif e (the time in which the initial viscosity of ca. 1 7 seconds DIN cup 4 increased to ca. 30 seconds) 
of each of these coatings was determined. 

Further, these compositions were applied as a clearcoat in a bar refinish system built up from ca. 50 jim of a 
polyurethane primer (commercially available under the trade designation Autocryl® 3+1 filler from Akzo Coatings), ca. 
io 15 um of a metallic basecoat (commercially available under the trade designation Autobase® from Akzo Coatings) 
and ca. 60 urn of the clearcoat. After one week, the gloss at 20° and 60° was measured. The distinctness of reflected 
image (D.O.RI.) was measured after one day and one week. The results are as follows: 



20 





VOC (g/liter) 


Potlife (hours) 


Gloss 


D.O.R.I. 


20° 


60° 


1 day 


1 week 


Clearcoat 1 


575 


4.5 


90 


94 


87 


82 


Clearcoat 2 


589 


5 


91 


94 


85 


86 


Comp. Clearcoat 1 


618 


7 


92 


95 


69 


65 



Formulation of Waterborne Coatings 
Waterborne Coating 1 : - 

A first waterborne coating was prepared by mixing 100 g of amine-reactive component (A2), 4.9 g of crosslinker 

(8) , 7.3 g of methanol and 7.3 g of demineralized water. 

Waterborne Coating 2 

A second waterborne coating was prepared by mixing 100 g of amine-reactive component (A2), 3.2 g of crosslinker 

(9) , 6.4 g of methanol and 6.4 g of demineralized water. 

These waterborne coatings were tested for geltime. Furthermore, these waterborne coatings were applied with a 
drawbar onto a tin plated metal sheet to a dry layer thickness of ca. 50 ujti, then tested for Persoz hardness after curing 
for 1 day and 1 week at 20°C, water resistance (1 day) after curing for one week at 20°C, and petrol resistance (5 
minutes) after curing for one week at 20°C. The results are as follows: 
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Geltime 


Persoz Hard. 


Resistance Against 




(hours) 


1 day 


1 week 


water 


petrol 


W. Coating 1 


5 


99 


196 


good 1 


excel. 


W. Coating 2 


20 


51 


112 


good 1 


excel. 



1 = very slight softening 
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45 Claims 

1. The use of an oligomeric sterically hindered polyamine comprising an oligomeric backbone having pendant there- 
from at least two amino groups, wherein 

50 (A) the amino groups pendant Irom the backbone are sterically hindered, and 

(B) the oligomeric sterically hindered polyamine has a molecular weight (Mn) in the range of 200-10000, 

as a polyamine crosslinker in a coating composition based upon an amine crosslinkable resin and a polyamine 
crosslinker, in order to lower the volatile organic content (VOC) of that coating composition. 

2. The use of an oligomeric sterically hindered polyamine comprising an oligomeric backbone having pendant there- 
from at least two amino groups, wherein 
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(A) the amino groups pendant from the backbone are sterically hindered, and 

(B) the oligomeric sterically hindered polyamine has a molecular weight (Mn) in the range of 200-10000, 

as a polyamine crosslinker in a coating composition based upon an amine crosslinkable resin and a polyamine 
crosslinker, in order to improve the distinctness of reflective image of a film resulting from the application of that 
coating composition onto a substrate. 

The use according to any one of claims 1 -2, characterized in that the coating composition is a waterborne coating 
composition. 

The use according to any one of claims 1-2, characterized in that the coating composition is an organic solvent 
based coating composition. 

The use according to any one of claims 1-4 : characterized in that the amine crosslinkable resin includes amine- 
reactive functionality selected from activated unsaturated groups, activated methylene groups, cyclic carbonate 
groups, epoxy groups and isocyanate groups. 

The use according to any one of claims 1 -5, characterized in that the oligomeric sterically hindered polyamine has 
a rate constant of the reaction with butyl acrylate as a model amine reactive compound, determined at 60°C in 
1 -ethoxy-2-propanol solution, below 2.0 x 10' 1 l/(mol'min) and above 2.0 x 10" 4 l/(mol'min). 

An organic solvent based coating composition based upon an amine crosslinkable resin, an amine crosslinker 
therefor and an organic solvent as the primary diluent, characterized in that the amine crosslinker is an oligomeric 
sterically hindered polyamine comprising an oligomeric backbone having pendant therefrom at least two amino 
groups, wherein 

(A) the amino groups pendant from the backbone are sterically hindered ; and 

(B) the oligomeric sterically hindered polyamine has a molecular weight (Mn) in the range of 200-10000, 

the coating composition possessing a volatile organic content (VOC) < 450 g organic volatiles/liter of organic 
component. 

A waterborne coating composition based upon an amine crosslinkable resin, an amine crosslinker therefor and 
water as the primary diluent, characterized in that the amine crosslinker is an oligomeric sterically hindered 
polyamine comprising an oligomeric backbone having pendant therefrom at least two amino groups, wherein 

(A) the amino groups pendant from the backbone are sterically hindered, and 

(B) the oligomeric sterically hindered polyamine has a molecular weight (Mn) in the range of 200-10000. 

The waterborne coating composition according to claim 8, characterized in that the coating composition possesses 
a volatile organic content (VOC) < 450 g organic volatiles/liter of organic component. 

10. The coating composition according to any one of claims 7-9, characterized in that the amine crosslinkable resin 
includes amine-reactive functionality selected from activated unsaturated groups, activated methylene groups, 

45 cyclic carbonate groups, epoxy groups and isocyanate groups. 

1 1 . The coating composition according to any one of claims 7-10, characterized in that the oligomeric sterically hindered 
polyamine has a rate constant of the reaction with butyl acrylate as a model amine reactive compound, determined 
at 60°C in 1 -ethoxy-2-propanol solution, below 2.0 x 10 _1 l/(mol*min) and above 2.0 x 10* 4 l/(mol*min). 

so 

12. The coating composition according to any one of claims 7-11, characterized in that it is a clearcoat. 

1 3. A method of producing an oligomeric sterically hindered polyamine crosslinker comprising an oligomeric backbone 
having pendant therefrom at least two amino groups, wherein 

55 

(A) the amino groups pendant from the backbone are sterically hindered, and 

(B) the oligomeric sterically hindered polyamine comprises a molecular weight (Mn) in the range of 200-10000, 
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by reacting (a) a (cyclo)aliphatic compound containing one stericalty hindered amino group and one unhindered 
amino group, the reactivity ratio of the unhindered amino groups and the stericalty hindered amino group being > 
90:10, with a substantially equivalent amount (based upon the equivalents of unhindered amino groups) of (b) a 
compound containing at least two amine-reactive groups. 

1 4. A method of producing an oligomeric sterically hindered polyamine crosslinker comprising an oligomeric backbone 
having pendant therefrom at least two amino groups, wherein 

(A) the amino groups pendant from the backbone are sterically hindered, and 

(B) the oligomeric sterically hindered potyamine comprises a molecular weight (Mn) in the range of 200-10000, 

by reacting (a) a secondary nitroalkane with (b) a compound containing at least two active methine reactive groups, 
with subsequent reduction of the nitro groups to primary amino groups. 

Patentanspruche 

1. Verwendung eines oligomeren, sterisch gehinderten Polyamins mit einer oligomeren Grundkette, an der minde- 
stens zwei Aminogruppen hangen, wobei 

(A) die an der Grundkette hangenden Aminogruppen sterisch gehindert sind und 

(B) das oligomere, sterisch gehinderte Polyamin ein Molekulargewicht (Mn) im Bereich von 200-10000 besitzt, 

: j 

als Polyaminvernetzer in einem Beschichtungsmittel auf Basis eines mit Amin vernetzbaren Harzes und eines 
Polyaminvernetzers, um den Gehalt an fluchtigen organischen Komponenten (VOC) des Beschichtungsmittels zu 
verringern. 

2. Verwendung eines oligomeren, sterisch gehinderten Polyamins mit einer oligomeren Grundkette, an der minde- 
stens zwei Aminogruppen hangen, wobei 

(A) die an der Grundkette hangenden Aminogruppen sterisch gehindert sind und 

(B) das oligomere, sterisch gehinderte Polyamin ein Molekulargewicht (Mn) im Bereich von 200-10000 besitzt, 

als Polyaminvernetzer in einem Beschichtungsmittel auf Basts eines mit Amin vernetzbaren Harzes und eines 
Polyaminvernetzers, um die Deutlichkeit des reflektierten Bildes eines Films zu verbessern, der durch Auftragen 
des Beschichtungsmittels auf ein Substrat entsteht. 

3. Verwendung nach einem der Anspruche 1-2, dadurch gekennzeichnet, dass das Beschichtungsmittel ein solches 
auf Wasserbasis ist. 

4. Verwendung nach einem der Anspruche 1-2, dadurch gekennzeichnet, dass das Beschichtungsmittel ein solches 
auf Basis eines organischen losungsmittels ist. 

5. Verwendung nach einem der Anspruche 1-4, dadurch gekennzeichnet, dass das mit Amin vernetzbare Harz eine 
mit Amin reaktionsfahige Funktionalitat besitzt, die gewahlt ist aus aktivierten ungesattigten Gruppen, aktivierten 
Methylengruppen, cyclischen Carbonatgruppen, Epoxygruppen und Isocyanatgruppen. 

6. Verwendung nach einem der Anspruche 1-5, dadurch gekennzeichnet, dass das oligomere, sterisch gehinderte 
Polyamin eine Geschwindigkeitskonstante der Umsetzung mit Butylacrylat als Modell fur die mit Amin reaktions- 
fahige Verbindung, bestimmt bei 60 B C in 1-Ethoxy-2-propanol-L6sung, von unter 2.0 x 10" 1 l/(Mol-min) und uber 
2.0 x 10' 4 l/(Mo|.min) hat. 

7. Organisches Losungsmittel enthaltendes Beschichtungsmittel auf Basis eines mit Amin vernetzbaren Harzes, ei- 
nes Vernetzeramins fur dieses und eines organischen Losungsmittels als primares Verdunnungsmittel, dadurch 
gekennzeichnet, dass das Vernetzeramin ein oligomeres, sterisch gehindertes Polyamin mit einer oligomeren 
Grundkette mit mindestens zwei daran hangenden Aminogruppen ist, wobei 

(A) die an der Grundkette hangenden Aminogruppen sterisch gehindert sind und 
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(B) das oligomere, sterisch gehinderte Poiyamin ein Molekulargewicht (Mn) im Bereich von 200-10000 hat, 

wobei das Beschichtungsmittel einen Gehalt an fluchtigen organischen Komponenten (VOC) < 450 g organische 
fluchtige Anteile/Liter organische Komponente aufweist. 

8. Wasser enthaltendes Beschichtungsmittel auf Basis eines mit Amin vernetzbaren Harzes, eines Vernetzeramins 
fur dieses und Wasser als primares Verdunnungsmittel, dadurch gekennzeichnet, dass das Vernetzeramin ein 
oligomeres : sterisch gehindertes Poiyamin mit einer oligomeren Grundkette mit mindestens zwei daran hangenden 
Aminogruppen ist, wobei 

(A) die an der Grundkette hangenden Aminogruppen sterisch gehindert sind und 

(B) das oligomere, sterisch gehinderte Poiyamin ein Molekulargewicht (Mn) im Bereich von 200-10000 besitzt. 

9. Wasser enthaltendes Beschichtungsmittel nach Anspruch 8, dadurch gekennzeichnet, dass das Beschichtungs- 
mittel einen Gehalt an fluchtigen organischen Komponenten (VOC) < 450 g organische fluchtige Anteile/Liter or- 
ganische Komponente aufweist. 

10. Beschichtungsmittel nach einem der Anspruche 7-9, dadurch gekennzeichnet, dass das mit Amin vernetzbare 
Harz eine mit Amin reaktionsfahige Funktionalitat, gewahlt aus aktivierten ungesattigten Gruppen, aktivierten Me- 
thylengruppen, cyclischen Carbonatgruppen, Epoxygruppen und lsocyanatgruppen T aufweist. 

11. Beschichtungsmittel nach einem der Anspruche 7-10, dadurch gekennzeichnet, dass das oligomere, sterisch ge- 
hinderte Poiyamin eine .Qeschwindigkeitskonstante der Reaktion mit Butylacrylat als Modell fur die mit Amin re- 
aktionsfahige Verbindung, bestimmt bei 60°C in 1-Ethoxy-2-propanol-L6sung, von unter2.0 x 10' 1 l/(Mol-min) und 
uber 2.0 x lO^Mol-min) hat. 

12. Beschichtungsmittel nach einem der Anspruche 7-11, dadurch gekennzeichnet, dass es ein Klarlack ist. 

1 3. Verfahren zur Herstellung eines oligomeren, sterisch gehinderten Vemetzerpolyamins mit einer oligomeren Grund- 
kette mit mindestens zwei an dieser hangenden Aminogruppen, wobei 

(A) die an der Grundkette hangenden Aminogruppen sterisch gehindert sind und 

(B) das oligomere, sterisch gehinderte Poiyamin ein Molekulargewicht (Mn) im Bereich von 200-10000 besitzt, 

durch Umsetzung von (a) einer (cyclo)aliphatischen Verbindung, die eine sterisch gehinderte Aminogruppe und 
eine ungehinderte Aminogruppe aufweist, wobei das Reaktivitatsverhaltnis der ungehinderten Aminogruppen und 
der sterisch gehinderten Aminogruppen > 90:10 ist, mit einem im wesentlichen aquivalenten Anteil (bezogen auf 
die Aquivalente an nicht gehinderten Aminogruppen) (b) einer Verbindung, die mindestens zwei mit Amin reakti- 
onsfahige Gruppen enthalt. 

14. Verfahren zur Herstellung eines oligomeren, sterisch gehinderten Vemetzerpolyamins mit einer oligomeren Grund- 
kette mit mindestens zwei daran hangenden Aminogruppen, wobei 

(A) die an der Grundkette hangenden Aminogruppen sterisch gehindert sind und 

(B) das oligomere, sterisch gehinderte Poiyamin ein Molekulargewicht (Mn) im Bereich von 200-10000 auf- 
weist, 

durch Umsetzung von (a) einem sekundaren Nitroalkan mit (b) einer Verbindung, die mindestens zwei aktive met- 
hin-reaktive Gruppen enthalt, mit nachfolgender Reduktion der Nitrogruppen in primare Aminogruppen. 

Revendications 

1. Utilisation d'une polyamine oligomere encombr6e steriquement qui comprend un squelette oligomere ayant au 
moins deux groupes amino pendants, dans laquelle: 

(A) les groupes amino pendants du squelette sont encombr6s steriquement, et 

(B) la polyamine oligomere encombree steriquement a un poids moleculaire (PMn) compris dans la gamme 



15 



EP0 678 105 B1 



de 200 a 10.000, 

en tant qu'agent de reticulation de type polyamine dans une composition de revetement a base de rdsine 
reticulable par une amine et d'un agent de reticulation de type polyamine, afin d'abaisser la teneur en produits 
5 organiques volatils (VOC) de cette composition de revetement. 

2. Utilisation d'une polyamine oligomere encombree steriquement qui comprend un squelette oligomere ayant au 
moins deux groupes amino pendants, dans laquelle: 

10 (A) les groupes amino pendants du squelette sont encombres steriquement, et 

(B) la polyamine oligomere encombree steriquement a un poids moleculaire (PMn) compris dans la gamme 
de 200 a 10.000, 

en tant qu'agent de reticulation de type polyamine dans une composition de revetement a base de resine 
15 reticulable par une amine et d'un agent de reticulation de type polyamine, afin d'ameliorer la nettete de I'image 

reflechte par un film obtenu par I'appiication de cette composition de revetement sur un substrat. 

3. Utilisation suivant Tune quelconque des revendications 1 et 2, caracterisee en ce que la composition de revetement 
est une composition de revetement a base d'eau. 

20 

4. Utilisation suivant Tune quelconque des revendications 1 et 2, caracterisee en ce que la composition de revetement 
est une composition de revetement a base de solvant organique. 

■ j 

5. Utilisation suivant Tune quelconque des revendications 1 a 4, caracterisee en ce que la resine reticulable par une 
25 amine comprend une fonctionalite reagissant avec une amine choisie parmi les groupes insatures actives, les 

groupes methylene actives : les groupes carbonate cycliques, des groupes epoxy et des groupes isocyanate. 

6. Utilisation suivant Tune quelconque des revendications 1 a 5, caracterisee en ce que la polyamine oligomere 
encombree steriquement a une constante de vitesse de la reaction avec I'acrylate de butyle choisi comme compose 

30 type reagissant avec une amine, determinee a 60°C dans une solution dans le 1 -ethoxy-2-propanol, inf6rieure a 

2,0 x 10' 1 l/(mole min) et superieure a 2,0 x 10* 4 l/(mole min). 

7. Composition de revetement a base de solvant organique compos6e d'une resine reticulable avec une amine, d'un 
agent de reticulation de type amine pour celle-ci et d'un solvant organique comme diluant principal, caracerisee 

35 en ce que I'agent de reticulation de type amine est une polyamine oligomere encombree steriquement qui com- 

prend un squelette oligomere ayant au moins deux groupes amino pendants, dans laquelle: 

(A) les groupes amino pendants du squelette sont encombres steriquement, et 

(B) la polyamine oligomere encombree steriquement a un poids moleculaire (PMn) compris dans la gamme 
40 de 200 a 10.000, 

la composition de revetement presentant une teneur en produits organiques volatils (VOC) inferieure ou 
egale a 450 g de composes organiques volatils par litre de composant organique. 

45 8. Composition de revetement a base d'eau composee d'une resine reticulable avec une amine, d'un agent de reti- 
culation de type amine pour celle-ci et d'eau comme diluant principal, caracterisee en ce que I'agent de reticulation 
de type amine est une polyamine oligomere encombree steriquement qui comprend un squelette oligomere ayant 
au moins deux groupes amino pendants, dans laquelle: 

50 (A) les groupes amino pendants du squelette sont encombres steriquement, et 

(B) la polyamine oligomfere encombree steriquement a un poids moleculaire (PMn) compris dans la gamme 
de 200 a 10.000. 

9. Composition de revetement ayant de I'eau comme vehicule suivant la revendication 8, caracterisee en ce que la 
55 composition de revetement presente une teneur en produits organique volatils (VOC) inferieure ou egale a 450 g 

de composes organique volatils par litre de composant-organique. 

10. Composition de revetement suivant Tune quelconque des revendications 7 a 9, caracterisee en ce que la r6sine 
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reticulable par une amine comprend une fonctionalite" reagissant avec une amine choisie parmi les groupes insa- 
tures actives, tes groupes methylene actives, les groupes carbonate cycliques, les groupes epoxy et les groupes 
isocyanate. 

11. Composition de revetement suivant Tune quelconque des revendications 7 a 10, caracterisee en ce que la poly- 
amine oligomere encombree steriquement a une constante de vitesse de reaction avec I'acrylate de butyle choisi 
comme compose type reagissant avec une amine, determinee a 60°C dans une solution dans le 1 -ethoxy-2-propa- 
nol, inferieure a 2,0 x 10" 1 l/(mole mtn) et superieure a 2,0 x 10* 4 l/(mole min). 

12. Composition de revetement suivant Tune quelconque des revendications 7 a 11, caracterisee en ce qu'elle repr6- 
sente un revetement transparent. 

13. Procede pour la production d'un agent de reticulation de type polyamine oligomere encombree steriquement com- 
prenant un squelette oligomere ayant au moins deux groupes amino pendants, dans laquelle: 

(A) les groupes amino pendants du squelette sont encombres steriquement, et 

(B) la polyamine oligomere encombree steriquement a un poids moleculaire (PMn) compris dans la gamme 
de 200 a 10.000, 

par reaction de (a) un compose (cyclo)aliphatique contenant un groupe amino encombre steriquement et un 
groupe amino non encombre, le rapport de reactivite entre le groupe amino non encombre et le groupe amino 
encombre steriquement etant superieur ou egal a 90: 10, avec une quantite sensiblement 6quivalente (par rapport 
aux equivalents de groupes amino non encombres) de (b) un compose contenant au moins deux groupes reagis- 
sant avec une amine. 

14. Procede de fabrication d'un agent de reticulation de type polyamine oligomere encombree steriquement compre- 
nant un squelette oligomere ayant au moins deux groupes amino pendants, dan lequel: 

(A) les groupes amino pendants du squelette sont encombres steriquement, et 
30 (B) la polyamine oligomere encombree steriquement presente un poids moleculaire (PMn) compris dans la 

gamme de 200 a 10.000, 

par reaction de (a) un nitroalcane secondaire avec (b) un compose contenant au moins deux groupes actifs 
reagissant avec un groupe methine, avec reduction consecutive des groupes nitro en groupes amino primaires. 

3S 



40 



25 



SO 



55 



17 



